Abstract. High-impact climate events such as floods are highly destructive natural hazards causing widespread impacts on 11 socio-ecosystems. However, processes leading to such events are still poorly understood, which limiting reliable prediction. 12
Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2019-100 Manuscript under review for journal Hydrol. Earth Syst. Sci. values of discharges at Rhône@HDI, Arve@BDM and Valserine catchment when Rhône@Bognes discharges exceed the 159 percentile 99.9, i.e. for the 28 studied flood events. Discharges exceed the percentile 99.9 only once at Rhône@HDI, while 160 discharges exceed this percentile in more than 15 flood cases at Arve@BDM and Valserine catchment. This suggests that the 161 flows coming from the Arve and Valserine catchments play a dominant role for flood generation. Consequently, we mainly 162 focus on precipitation falling in the Arve and Valserine catchments to characterize the hydrometeorological processes that 163 triggered the 28 flood events at Rhône@Bognes. 164
Precipitation data 165
The daily precipitation series of the ERA-20C reanalysis (1900 -2010 Poli et al., 2016) are used since it is one of the only 166 datasets covering the entire 20 th century. Daily precipitation accumulations falling in both the Arve and Valserine catchments 167 (about 2 900 km², called "A+V catchment precipitation" hereafter) have been estimated using i) the ERA-20C daily 168 precipitation at grid-points present in and around these catchments and ii) the Thiessen polygons method (Brassel and Reif, 169 1979) . The Arve and the Valserine catchments are considered together because of the relatively low resolution (1.125°) of the 170 ERA-20C reanalysis compared to the catchment sizes. 171 suggested by Rustemeier et al. (2019) at the monthly time scale in the Alps. Therefore, only the percentile values of the A+V 180 catchment precipitation based on ERA-20C will be used. 181 3 Indices for the flood typology 182
Indices from the precipitation sequences 183
Different sequences of precipitation occurring prior to the floods have been tested to cover different types of floods such as 184 short-rain or long-rain floods (e.g. Merz and Blöschl, 2003) . Two variables of the precipitation sequences have been 185 considered: (i) the sequence duration (number of days) and (ii) the ending day of the sequence. Fig. 2 illustrates the different 186 precipitation sequences tested for each of the 28 flood events: from 1 to 10 consecutive days (sequence duration) and for 187 sequences ending between 0 to 10 days prior to the flood day (temporality of the sequences). Then, the precipitation 188 accumulation of all sequences has been calculated and their respective percentiles estimated by sequence type to identify which 189 sequences better explained the 28 floods events (Fig. 3) . 190
191
Higher percentile values are found for precipitation sequences ending one day before the flood events (D-1), whatever their 192 respective durations (Fig. 3) . This result is in agreement with the response time of the Arve and the Valserine Rivers (i.e. 193
Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2019-100 Manuscript under review for journal Hydrol. Earth Syst. Sci. Conversely, precipitation sequence of shorter (1-2 days) and longer (7-10 days) durations show a lower dispersion and higher 203 mean percentile values, suggesting that both may play a role in the generation of flooding. The independence of the 204 distributions between sequences from 1 to 10 days has been tested using Student-T and Z tests (0.95 confidence level). The 205 tests revealed that the mean percentile values of sequences of 1-2 days and 7-10 days are significantly higher than the ones 206 of sequences of 3-6 days. Therefore, short (1-2 days) and long (7-10 days) precipitation sequences seem to be two independent 207 and relevant factors to explain the occurrence of high-magnitude floods, given their high percentiles. Consequently, the choice 208 is between the 1-day and the 2-day sequences to characterise events associated with short precipitation sequences, and 209 between the 7-day, 8-day, 9-day and the 10-day sequences to characterise events associated with long precipitation sequences. 210
The same tests have then been applied to 1-day and 2-day sequence distributions and revealed no significant difference (at 211 the 0.95 confidence level). In addition, the median value of these sequences is not significantly different (Fig. 4 ). Given these 212 sequence characteristics, the 2-day sequences are considered to represent the short-rain episodes associated to flooding. We 213 also assume that 2-day sequences may reflect a more robust precipitation signal than the 1-day sequences. Hence, the 2-day 214 precipitation sequences (from D-2 to D-1 prior to the flood day) will be used as an index for performing the flood typology.
Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2019-100 Manuscript under review for journal Hydrol. Earth Syst. Sci. .s -1 ). Finding a quasi-synchronous 271 break in both Rhône@Bognes and Rhône@HDI gauge stations in a similar range of discharge suggests that the absence of 272 flood type 1 from the 1960s may result from this decrease in mean daily discharge upstream Lake Geneva. Since the change 273 abruptly occurred, the trigger is more likely related to changes in river management than climate. To identify if this change is 274 associated with the management of either Lake Geneva or the upper part of the catchment (Valais), the Pettitt test was also 275 applied to the discharge series (summer and beginning of autumn) of the Rhône River at Porte du Scex (Rhône@PDS), located 276 just upstream the lake (about 75 % of the lake's water supply; Grandjean, 1990) . A break is detected in September 1956 inThereby, the break at Rhône@Bognes seems to be strongly related to discharge changes in the Valais catchment where 7 dams 279 have been built on tributaries of the Rhône River in the 1950s (Hingray et al., 2014) . These dams have been built to store 280 summer water (high discharge due to glacio-nival regime) and release it mainly in winter for hydroelectricity production when 281 natural discharges are low and energetic needs are high (e.g. heating). Therefore, flood type 1 questions the hypothesis 282 previously formulated (see section 3.1) on the negligible role of the Geneva catchment discharges in the generation of extreme 283 flooding at Rhône@Bognes. Indeed, the large Lake Geneva and its regulation buffer flood peaks but made flood generation at 284
Rhône@Bognes easier until the 1960s by providing summer high discharges. This contribution of the Geneva catchment will 285 be further discussed in the following section. 286
Discussion 287
Type 1 floods are associated with moderate precipitation that does not exceed mean percentile values of 82 and, thereby, that 288 cannot alone explain the flood occurrences (Fig. 5) . A detailed analysis of the respective contribution of the three catchments 289 reveals that the Geneva catchment plays a dominant role by providing abnormally high discharges (about +400 m 3 .s -1 ; Fig.  290 7c), contributing to more than 50 % of the discharge at Rhône@Bognes (Fig. 7b) . To understand the reason of these abnormally 291 high and long-lasting discharges, the Geneva catchment precipitation has been computed using the same method as for A+V 292 catchment precipitation (Fig. 7c) . The resulting catchment precipitations appear very similar to the A+V catchment 293 precipitation and they cannot explain the high and long-lasting discharges either. In addition, for 5 of the 9 type 1 events, 294 abnormally high discharges coming from the Geneva catchment lasted 40 to 120 days. Such high water stages in late summer 295 may then result from particularly intense melting of the numerous and large glaciers of the Valais. Indeed, the Mer de Glace 296 and Argentière glaciers have been affected by important losses in mass balance during the summers the type 1 floods occurred 297 (Vincent et al., 2009 (Vincent et al., , 2014 . These glaciers are located a few tens of kilometres from the Valais but glacier losses are expected 298 to be regionally similar (Huss, 2012) . These observations support a glacial trigger of the abnormally high, long-lasting summer 299 discharges that make flooding possible without heavy precipitations. Soil saturation also seems to influence the generation of 300 flood type 1. Indeed, a precipitation episode occurred a few days before the flood event (around D-6) triggering only a discreet 301 increase of discharge, while a second episode (D-1) with similar precipitation accumulation led to the flood peak (Fig. 7c) . 302
This suggests that soil infiltration has buffered the first precipitation episode, while soils were saturated for the second one, 303 promoting runoff and, thereby, a stronger hydrological response. On another hand, the increase of discharge is due to the 304 contribution of the Arve River and in a larger part to the contribution of the Valserine River that flows from the Jura massif, 305 an area where soil saturation has been recognized as a key process for flood generation (Froidevaux et al., 2015) . The role of 306
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